ABSTRACT
INTRODUCTION
tatistical inferences regarding the empirical studies of financial economics heavily rely on the assumption that the random variables under investigation follow a normal distribution, yet finance data often depart from the assumptions of Gaussian distributions. Daily stock returns are, in general, known to be skewed and leptokurtic rather than normally distributed. Mandelbrot (1963) and Fama (1965) were early advocates of using stable Paretian distributions to examine financial data. While different heavy-tailed distributions, such as Student's t and Generalized Error Distributions (GED), have been used in the literature, stable distributions have distinct advantages over these distributions. Stable Paretian distributions, which are also called Levy-Pareto distributions, allow for skewness and leptokurtosis and are consistent with the Generalized Central Limit Theorem. This theorem states that regardless of the existence of the variance, the limiting distribution of a sum of independent and identically distributed random variables is stable (Borak, Härdle and Weron, 2005) . In spite of these advantages of a stable distribution, this distribution is not well utilized due to complexity of estimation processes.
Although use of stable distributions to analyze financial data has been presented in the literature, the application to GARCH models is relatively new. Paolella and Taschini (2008), Tavares, et al (2008) , Curto et al. (2009) , and Parrini (2012) use GARCH models with stable Paretian distributions to examine volatility of financial markets, and these models show better results in terms of goodness of fit criteria compared with models using Gaussian distributions. This paper adds to the literature by focusing on the relationship between stock return volatility and trading volumes. Specifically, we examine the volatility of Dow Jones Industrial Average (DJIA) returns and the trading volume by employing stable Paretian stable GARCH and Threshold GARCH (TGARCH) models and determine whether a choice of distributions improves the empirical results. Lamoureux and Lastrapes (1990) are the first to apply GARCH models to examine the volatility relationship with the trading volume as a proxy for information arrival time according to the mixture of distribution hypothesis (MDH). They find that volume has positive effects on the volatility of stock returns. However, Suominen (2001) presents a theoretical model that incorporates the GARCH-like conditional variance as a function of trading volume and argues that the trading volume and the asset volatility can be either positively or negatively correlated. 
STABLE PARETIAN DISTRIBUTIONS AND TGARCH MODEL
Stable distributions are a rich class of probability distributions that allows skewness and heavy tails, and suitable to model heavy tailed data such as stock returns, and other financial data. Stable distributions do not have an analytic closed form but can be expressed by their characteristic function. Let a stable Paretian distribution, S αβ (δ, c), be expressed as its characteristic function:
where
Assume that -<t<, 0<  2, -1≤β≤1, c>0, and -<<. Symbols α, β, c, and δ are respectively called characteristic exponent, skewness, scale, and location parameters. When =2, a stable distribution becomes a Gaussian distribution. The tail thickness increases as  decreases, and the distribution becomes more leptokurtic. When  is positive, the distribution is skewed to the right; when negative, it is skewed to the left. If  is zero, the distribution becomes symmetric around location parameter  (Rachev and Mittnik, 2000) .
To examine the stock returns and volume relationships, we assume the following simple mean equation which directly addresses those relationships as shown below:
where y t is the returns of DJIA, and u t = σ t  t , with  t ~ iid S α,β (0,1).
S (0, 1) denotes the standard asymmetric stable Paretian distribution with location parameter (δ = 0), and unit scale parameter (c = 1). These assumptions simplify the estimation without altering the properties of the stable distribution, and are commonly imposed in the literature.
In this paper, the GARCH(1,1) and TGARCH (1,1) equations for a stable Paretian distribution are modified by adding the daily trading volume (V) in order to analyze how the volume affects the volatility of stock returns. The volume is thought as a proxy variable for unobserved information that flows into the markets and it is assumed to be weakly exogenous. 2 Because the residual is given in the standard asymmetric stable Paretian distribution, the conditional variance is expressed in terms of the standard deviation form such as:
where S t-1 = 1 for u t-1 < 0, and S t-1 = 0 for u t-1 ≥ 0. A parameter η addresses leverage effects, which indicate that the potential for negative shocks or news to information have a larger impact on volatility than positive shocks. We impose stability conditions to estimate the stable GARCH and TGARCH models so that these processes will have strictly stationary solutions. 3 When η is zero, we have a symmetric GARCH (1,1) process. We note that a Gaussian TGARCH with the volume is given:
The probability density and the likelihood functions of the stable distribution GARCH and TGARCH models are nontrivial, and a Fast Fourier Transforms (FFT) procedure is employed for the maximum likelihood estimation (MLE) algorithm. In this paper, we follow the MLE procedure presented by Mittnik et al. (1999) . Their estimation method deals with conditional heteroskedasticity models with a stable Paretian distribution by employing a computationally efficient density calculation. The MLE estimation with a FFT is based on the characteristic function expressed in equation (1) . The optimum estimates of parameter vector  for the DuMouchel (1973) shows that the MLE estimates of a stable density are consistent and asymptotically normal with the covariance matrix given by the inverse of the Fisher information matrix. Table 1 presents the summary statistics of the data. The sample spans from January 4, 1990 to December 31, 2009, and a total of 5,043 daily observations (5,042 for returns) are obtained from Yahoo finance. DJIA denotes the closing price of the Dow Jones Industrial Average, Returns are the log differences of DJIA, and Volume is the trading volume at the end of day. We use two sets of volume specifications for robustness check. They are the square root of the natural logarithm of volume V1* and the square root of the absolute value of the log difference of volume V2*, where taking square root of volume is required due to the specifications of stable GACH and TGACH models given in equation (3) . From Table 1 , the average daily return is 0.026% (annualized return of 9.45%), while the largest daily gain is 10.5% and the largest loss is 8.2%, resulting in substantial variations in the daily returns. According to the Augmented Dickey and Fuller (ADF) tests, V1
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* is stationary with intercept and trend at one percent significance level, but nonstationary without trend. V2
* is stationary regardless of its specifications. We also used other unit root tests and the results are basically the same. 5 DJIA and Returns show negative skewness, but Volume series are positively skewed. Returns and V2* show kurtosis, and according to the Jarque-Bera statistics, all variables are non-normally distributed. Further, the residuals from equation (1) indicate strong ARCH effect (not presented). Table 2 shows the estimation results of Gaussian and stable Paretian GARCH models. Standard errors and t-statistics are presented in parentheses and in square brackets. For the volume specification of a Gaussian model, the variables V1 and V2 are respectively the natural logarithm of volume and the absolute value of the log difference of volume. As for the cases of V1* and V2*, V1 is stationary with intercept and trend but nonstationary without trend, and V2 is always stationary. The parameters of GARCH specifications are significant for both distributions with two volume specifications. The estimates of volume are also significant except Gaussian GARCH with V1, and they are positive. The results indicate that as trading volume increases, so does volatility. Because the trading volume is assumed to be a proxy for unobserved information flow, we conjecture that as information flow increases, the volatility also increases. They support the findings of Lamoureux and Lastrapes (1990) although the GARCH parameters become insignificant after adding the trading volume. From the stable distributions, the estimates of the shape parameter α are statistically significant at the one percent level, and both are less than 2 based on t-tests, implying heavy tailed pattern, i.e., leptokurtic, and rejecting a Gaussian distribution. The estimates of the skewness parameters β are negative and significant. Curto et al. (2009) also find the negative skewness parameters for three different equity index returns (including DJIA). These findings are agreeable with the results of unconditional skewness shown in Table 1 . The point estimates and the standard errors of α and β are similar for both volume specifications. Table 2 : GARCH Models with Volume V1 and V2 are respectively the natural logarithm of volume and the absolute value of the log difference of volume. V1* and V2* are the square root of the natural logarithm of volume and the square root of the absolute value of the log difference of volume, respectively. Standard errors are presented in parentheses, and t-statistics are in square brackets.
Gaussian GARCH The estimation results of Gaussian and stable TGARCH models are reported in Table 3 . We observe that the estimates of the conditional variances are statistically significant, though the estimates of ARCH term are not. Also we find that the estimates of volume are positive and significant except Gaussian TGARCH with V1, where they are qualitatively the same as the results found in Table 2 . The asymmetric parameters are positive and statistically significant at the one percent level for all specifications, indicating the presence of the leverage effect, i.e., negative residuals have larger effects on the volatility. The results are consistent with the existing literature. These findings support the findings by Girard and Biswas (2007) who present the leverage effects as well as positive relationships between volatility and volume. The likelihood ratio tests reject GARCH against TGARCH regardless of the volume specifications. We conclude that there exist strong leverage effects, where negative shocks have larger effect on volatility of DJIA returns. As found in Table 2 , the estimates of the stable distributions with the shape parameter α are statistically significant at the one percent level, and the estimates of the skewness parameters β are negative and significant. From the results presented in Tables 2 and 3 , the stable Paretian GARCH and TGARCH models appear to be preferable based on the goodness of fit. The stable GARCH and TGARCH models show higher log likelihood values compared to the Gaussian GARCH and TGARCH models and yield much smaller values of the Akaike Information Criterion (AIC) and Schwartz Information Criterion (SBC). Further, the stable TGARCH specification appears to be a preferable model based on the goodness of fit. The results confirm the advantages of using stable distributions that can take into account the non-normal nature of the time series data examined. However, we point out that difficulty of estimating the stable distribution models compare to Gaussian models because the distribution does not have a closed form analytical form, and is expressed only by its characteristic function.
CONCLUSIONS
This paper examines the volatility of Dow Jones Industrial Average stock returns and the trading volume by employing stable Paretian GARCH and Threshold GARCH (TGARCH) models. Stable distribution, which includes the normal distribution as a special case, has interesting theoretical and practical properties and has preferable properties that may capture the specific features associated with financial variable such as equity returns. http://www.cluteinstitute.com/ © 2013 The Clute Institute
Our results indicate that the trading volume significantly contributes to the volatility of stock returns and there exist leverage effects on the stock return volatility. The likelihood ratio tests and goodness of fit support the use of stable Paretian GARCH and TGARCH models over Gaussian models. 
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